Introduction
Monitoring surveys are being conducted by the U.S. Geological Survey (USGS) for 4 years to provide a profile of selenium concentrations in selected irrigation drain inflows to the Salton Sea, California. The 16th and final sampling in April, 2009, consisted of collecting water samples for total selenium and total suspended solids and collecting sediment for total selenium, percent total organic carbon, and particle size. This report presents these analytical results for this final collection period.
Methods

Field Collection and Preservation
The USGS sampling team used the laboratory at the U.S. Fish and Wildlife Service Sonny Bono Salton Sea National Wildlife Refuge (henceforth referred to as "the Refuge") for certain aspects of sample processing and for preparing samples for shipment during field trips to irrigation drains.
Unfiltered Water: Each water sample [1,000 milliliters (mL)] to be analyzed for total selenium was poured through a 1-millimeter (mm) polypropylene sieve attached to a 1-liter (L) precleaned borosilicate glass bottle. Upon collection, the water sample was acidified to less than pH 2 with 6 normal (N) hydrochloric acid (HCl), chilled to approximately 4 degrees Celsius (~4 ºC), and kept in the dark during transport to the USGS. Each water sample (1,000 mL) intended for analysis of total suspended solids (TSS) was poured through a 1-mm polypropylene sieve attached to a precleaned widemouth 1-L polypropylene bottle. The TSS samples were chilled to approximately (~4 ºC) during transport to the USGS.
Sediment: Five sampling points for sediment collection were identified along the length of each drain. At each sampling point, the uppermost 2 to 6 centimeters (cm) of sediment were collected with a stainless steel dredge. The dredge was cleared of mud and rinsed with site water while used within a drain. At a new site, the dredge was rinsed with deionized (DI) water followed by site water before the first sample was collected. From each of the five sampling points, enough sediment to fill a 250-mL container was collected and mixed to form a composite sample (1,250-mL total). An aliquot of this composite was then placed into a 120-and a 500-mL polypropylene container for each drain sampled. All containers were placed on ice in the field. Samples were chilled (~4 ºC) during transport to the USGS.
Sampling History
The irrigation drain monitoring samples collected by USGS personnel were received in two shipments by the Environmental Chemistry Branch Inorganic Section (henceforth referred to as "the laboratory") of the USGS shortly after collection to meet the 7-day holding time specified for TSS in water and the 14-day holding time for total organic carbon (TOC) in sediments.
The first set of samples was collected April 17 and 18, 2009, was received by the laboratory on April 21, 2009, and contained 15 TSS water samples, 24 water samples for total selenium, and 4 sediment samples for total selenium. The samples were assigned USGS batch number 1582 and USGS sample identification numbers 46140 to 46182.
The second set of samples was collected from April 19 to 21, 2009, was received by the laboratory on April 23, 2009, and contained 6 TSS water samples, 12 water samples and 12 sediment samples for total selenium, and 14 sediment samples for TOC and particle size analysis (PSA 
Homogenization and Lyophilization
Sediment samples designated for total selenium analysis were lyophilized in a Virtis Genesis ® 35EL freeze dryer. Percent moisture was determined as part of the lyophilization process. After lyophilization, dried sediment was placed into a plastic bag, sealed, and then pulverized by using a rolling pin on the plastic bag to produce a coarse powder product.
Chemical Procedures
Total Selenium in Water: Before analysis, all water samples were stored in the dark at ~4 ºC. For the subsequent determination of total selenium in filtered and unfiltered samples, a 20-mL aliquot of each acidified water sample was subjected to an HNO 3 -magnesium nitrate [Mg(NO 3 ) 2 ] ashing procedure, followed by treatment with HCl. The ashing procedure consisted of three steps: (1) boiling with HNO 3 for solubilization and partial oxidation; (2) ashing at 500 ºC with Mg(NO 3 ) 2 to complete the oxidation and decompose remaining organic matter; (3) and heating with 20 mL of 50 percent (v/v) HCl to dissolve the ash and chemically reduce selenium to the selenite (Se +4 ) oxidation state required for detection by hydride generation atomic absorption spectrophotometry. Following reduction, digestates were diluted to ~100 mL with DI water, yielding a final acid matrix of 10 percent HCl.
Sediment: An approximately 0.25-gram (g) aliquant of each dried sample was subjected to a HNO 3 -Mg(NO 3 ) 2 ashing procedure, followed by HCl chemical reduction of selenate to selenite for the determination of selenium. The steps in the procedure were the same as those described above for total selenium in water. Digestates were diluted to about 100 mL with DI water, yielding a final acid matrix of 10 percent HCl.
Instrumental Analysis
Total Selenium: Total selenium was determined in all ashed samples by flow injection hydride generation atomic absorption spectrophotometry (FIHGAAS). For this procedure, the digestate is mixed with an HCl-carrier solution and then reduced by sodium tetrahydridoborate that has been stabilized with sodium hydroxide. Selenium in the sample is converted to volatile hydrogen selenide and transferred with argon carrier gas into a heated quartz cell mounted on an atomic absorption spectrophotometer for decomposition into atomic vapor and measurement.
Total Suspended Solids: Upon arrival at the laboratory, all TSS samples were transferred to the Ecology Branch for TSS analysis. TSS were analyzed with methods recommended by the American Public Health Association (1998). Samples were brought to room temperature and mixed with a magnetic stirrer and subsequent manual inversions of the sample container. The sample was measured into a graduated cylinder, poured into a filtration apparatus, and filtered through a ProWeigh ® glass fiber filter. The samples were prewashed three times in DI water, dried at 105 °C, and weighed to the nearest 0.1 milligram (mg). Sample volume varied to yield a dried residue between 2.5 and 200 mg. For each volume of sample used, an equal volume of DI water also was filtered for a blank determination. After filtering, large or nonhomogeneous materials were removed from the filter and the filter was rinsed with three 10-mL aliquots of DI water. Filters were then dried for at least 1 hour in an oven at 103 to 105 °C. After cooling to room temperature in a desiccator, filter and residue were weighed to the nearest 0.1 mg. Drying, cooling, and weighing of the filter were repeated until the weight difference was less than (<) 4 percent or 0.5 mg, whichever was less. The average of these weights was used to determine the constant weight of the filter and residue, which was then corrected for any weight gain or loss of the blank. After subtracting the filter weight, this blank-corrected dried residue in milligrams was divided by the sample volume in liters to yield TSS in milligrams per liter (mg/L).
Particle-Size Analysis: Sediment samples designated for PSA were transferred to the USGS Ecology Branch upon arrival. The method requires use of a Bouyoucos hydrometer, adapted from American Society for Testing and Materials (2003) . Wet sediment was sieved through a 2-mm sieve to remove any particles larger than coarse sand and then dried at 60 ºC using a convectional drying oven. Approximately 100 g of dried sediment was mixed with 250 mL of DI water and 100 mL of a 50 mg/L sodium hexametaphosphate solution. A stir bar was then added and the mixture was stirred with a magnetic stirring plate. After calibrating the hydrometer, the suspended sediment mixture was transferred to a sedimentation cylinder and the volume adjusted to 1 L with DI water. After allowing for thermal equilibration, the temperature was recorded. Cylinder contents were then mixed thoroughly, and the hydrometer was inserted into the suspension. The meniscus reading was taken after 30 seconds and the hydrometer was removed and dried. After 120 minutes, the hydrometer was reinserted and the meniscus read again. All hydrometer meniscus readings were corrected by adjusting +0.25 for each degree above 18 ºC and -0.25 for each degree below 18 ºC. Percent fractions were determined as follows:
• Grams sand = sediment dry weight -(corrected 30 second reading -corrected calibration);
• Percent sand = grams sand/sediment dry weight x 100;
• Grams clay = sediment dry weight -(corrected 120 minute reading -corrected calibration);
• Percent clay = grams clay/sediment dry weight x 100; and
• Percent silt = 100 -(percent sand + percent clay).
Total Organic Carbon: TOC was determined with a Universal Instruments Corporation (UIC) Model 5014 Coulometer that determines carbon in any carbon dioxide (CO2) containing gas stream (Universal Instruments Corporation, 1999) . The coulometer was used as a detector with different carbon frontend units and detected carbon in the range of 0.01 micrograms (µg) to 100 mg. The coulometer cell was filled with a proprietary solution containing monoethanolamine and a colorimetric pH indicator. Platinum (cathode) and silver (anode) electrodes were positioned in the cell. The cell assembly was then placed in the coulometer cell compartment between a light source and a photodetector in the coulometer. As a CO 2 gas stream passed into the cell, the CO 2 was quantitatively absorbed and reacted with the monoethanolamine to form a titratable acid. This acid caused the color indicator to fade. A photodetector monitored the change in the color of the solution as a percent transmittance (percent T). As the percent T increased, the titration current automatically was activated to electrochemically generate base at a rate proportional to the percent T (approximately 1,500 µg carbon/minute). When the solution returned to its original color (original percent T), the current stopped.
For TOC analysis, total carbon (TC, µg/mg) and total inorganic carbon (TIC, µg/mg) were determined. Total carbon was determined by combustion of weighed sediments at 925 ºC. In TIC analysis, weighed sediments were exposed to heated 2 N sulfuric acid. Any inorganic carbonates were chemically reduced to mineral components and CO2 gas. The gas was carried in high purity oxygen to the coulometer cell, where it was measured by the procedure described above. Percent TOC was calculated as follows:
(1)
Quality Assurance
Samples were processed through the preparative and analytical flow scheme in three analytical blocks for selenium and one block each for TSS, PSA, and TOC. Each block was assigned a block initiation date (BID) used to identify samples and quality-control samples/materials prepared and analyzed collectively as a unit. For samples analyzed by atomic absorption for total selenium, predigestion quality control included digestion blanks, replicates, spikes, and reference solutions. Analytical quality-control for selenium included calibration verification solutions, replicate analyses, and analysis spikes. Quality control for the TSS, PSA, and TOC determinations included reference materials, duplicates, and replicates.
Results
Total Selenium: Total selenium concentrations [micrograms per liter, (µg/L)] in unfiltered water samples for the April 2009 samples are listed in table 1 (at the back of this report). Mean selenium concentrations were most elevated in water from Trifolium 18 drain (22.9), followed by Q drain (9.73). The lowest mean selenium concentration was from Trifolium 14 drain (0.98).
Total Suspended Solids: TSS concentrations (mg/L) in unfiltered water collected during the April 2009 samplings are presented in table 2 (at the back of this report). TSS concentrations ranged from a high of 856 (W drain) to a low of 4.7 (Trifolium 18 drain).
Sediment: Percent moisture and selenium concentrations (µg/g dry weight) in sediment are presented in table 3 (at the back of this report). Percent moistures ranged from 22.1 to 71.6. Selenium concentrations in sediment ranged from 0.08 (Former Trifolium 20) to 5.99 (Vail 5). The particle size analyses of sediments, expressed as percent sand, silt, and clay, are presented in table 4 (at the back of this report). Percent sand ranged from 0 to 88; percent silt from 7.5 to 59; and percent clay from 4.7 to 74. Percent TOC in sediments is given in table 5 (at the back of this report) and ranged from 0.2 (Trifolium 12 and Trifolium Storm) to 3.7 (Lack and Linsey Pond).
Quality-Control Results
Calibration Verification: During the selenium determinations, a calibration verification solution (Spex Claritas PPT ® ; Cat No. CLSe2-2Y) was analyzed at the beginning and end of each analytical run. Calibration was considered acceptable if the check solution was within plus or minus 10 percent of the actual concentration (3 µg/L), which was achieved during all analyses.
Reference Materials: Recoveries of selenium from QC Plus+ Trace Metals Quality Control Standard [n=2 (2 samples)] and National Institute of Standards and Technology (NIST) Standard Reference Material (SRM) 1643e Trace Elements in Water (n=2) averaged 106 percent. The recoveries of selenium from National Research Council of Canada (NRCC) PACS-1 and MESS-3 (n=2) and NIST 2702 (n=1) marine sediments were 100 percent. Recoveries of TSS from a TSS reference solution (Environmental Resource Associates Hardness Wastewater Standard 507; n=3) were 100 percent. The recovery of total carbon from a carbon reference material (Environmental Resource Associates Nutrients in Soil 542; n=1) was 100 percent. Recoveries of percent sand, silt, and clay from a USGS research sediment material ranged from 93 to 106 percent.
Analytical and Method Precision: Instrumental precision for selenium as determined by repeated analysis of a standard throughout the run for each block (n=3) was less than 4 percent relative standard deviation (RSD). Relative percent differences (RPDs) between field duplicates (n=29) of unfiltered water samples analyzed for selenium mostly were ≤ (less than or equal to) 8 (n=27), but two of these duplicates exhibited greater RPDs of 12 and 17. Laboratory method precision for the triplicate preparation and analysis of water (n=4) and sediment (n=2) samples for selenium was <5 percent RSD. Instrumental precision was based on duplicate analysis of sample digestates from each sample matrix, which resulted in RPDs <2 percent. Duplicate analysis of water samples for TSS (n=3) resulted in RPDs ranging from 1.5 to 25 percent, whereas triplicate analysis for TSS (n=2) resulted in RSDs <8 percent. The duplicate analysis of drain sediments (n=2) for PSA resulted in RPDs <6 percent for the fractions. Triplicate analyses of drain sediments (n=2) for PSA resulted in RSDs <9 percent for the fractions. The duplicate analysis of four drain sediments for TOC resulted in RPDs ranging from 14 to 32 percent. A replicate analysis of a TOC control material and one drain sediment resulted in RSDs of 6.7 and 25 percent.
Spikes: Recoveries of selenium [selenate (Se +6 ), or selenomethionine] spiked into water samples (n=8) ranged from 98 to 105 percent, averaging 103 percent. Recoveries of selenium spiked into sediment (n=4), ranged from 100 to 102 percent, averaging 101 percent. Recoveries of selenium spikes added to water during analysis (n=5) ranged from 96 to 108 percent, averaging 105 percent. Analysis spikes of sediment (n=3) ranged from 100 to 104 percent, averaging 102 percent.
Blank Equivalent Concentrations: Blank equivalent concentrations (BECs) were computed for selenium for each matrix and for TSS blanks analyzed with the drain water samples. Selenium BECs for water and sediment were ≤ their respective method detection limits (MDLs), whereas BECs for TSS were less than the TSS MDL. TSS sample data were corrected for procedural blanks, whereas total selenium sample data were not blank corrected.
Instrument Detection, Method Detection, and Method Quantitation Limits: The FIHGAAS instrument detection limit for selenium was 0.028 µg/L, and 0.09 mg for TSS. MDLs for each matrix for selenium were computed for each analytical block (n=3) using the formula:
where SD b = standard deviation of a blank (n=3); and SD s = standard deviation of a low level sample or spiked sample (n=3).
Calculated selenium MDLs for water were 0.16 to 0.13 µg/L and 0.009 µg/g dry weight for sediment. Method quantitation limits (MQLs) for each matrix were calculated as 3.3 x MDLs. Selenium MQLs for water were 0.54 and 0.42 µg/L and 0.026 µg/L for sediment. The MDL for TSS was 8.80 mg/L and the MQL was 29 mg/L. Overall, quality-control results for the study were within acceptable limits as specified by USGS. 
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